® 




Europaisches Patentamt 
European Patent Office 
Office europgen des brevets 



© Publication number: 



0 361 726 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 21.12.94 © Int. CI. 5 : B62D 5/04 
© Application number: 89309212.2 
© Date of filing: 11.09.89 



© Motorized power steering apparatus. 



© Priority: 26.09.88 JP 242016/88 

@ Date of publication of application: 
04.04.90 Bulletin 90/14 

© Publication of the grant of the patent: 
21.12.94 Bulletin 94/51 

® Designated Contracting States: 
DE FR GB 

@ References cited: 
DE-A- 3 529 785 
DE-A- 3 723 770 
US-A- 4 660 671 



CO 
CM 
1^ 



CD 
00 



© Proprietor: MITSUBISHI DENKI KABUSHIKI 
KAISHA 

2-3, Marunouchl 2-chome 

Chiyoda-ku 

Tokyo 100 (JP) 

© Inventor: Morishita, Mitsuharu c/o Himeji 
Selsakusho 

Mitsubishi Denkl Kabushikl Kaisha 
840 Chiyoda-cho 

Himeji City Hyogo Prefecture (JP) 

© Representative: Lawson, David Glynne et al 
MARKS & CLERK, 
57-60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1 ) European patent convention). 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.3) 



1 



EP 0 361 726 B1 



2 



Description 

BACKGROUND OF THE INVENTION 

This invention relates to a motorized power 
steering apparatus for automobiles or other ve- 
hicles. In the past, power steering apparatuses for 
automobiles were usually driven by hydraulic pow- 
er generated by a pump. However, as hydraulic 
systems are bulky and heavy, in recent years, 
there has been a trend towards the use of electric 
motors to provide the drive force for power steer- 
ing. A power steering apparatus which employs an 
electric motor to generate an auxiliary torque to 
assist the steering of the vehicle is referred to as a 
motorized power steering apparatus. 

In a motorized power steering apparatus, a 
torque sensor measures the steering torque ap- 
plied by the driver to a steering wheel. An electric 
motor which is connected to a suitable portion of 
the steering gear is then controlled in accordance 
with the measured torque to impart an auxiliary 
steering force to the steering gear. The auxiliary 
steering force lessens the force which need applied 
to the steering wheel by the driver. 

Generally, as the speed of a vehicle increases, 
the resistance between the road surface and the 
tires decreases, so the force required for steering 
the vehicle also decreases. If the auxiliary steering 
force which is generated by the electric motor were 
the same at high and low speeds, the resistance to 
steering felt by the driver would become too light 
at high speeds. If the driver exerted a sudden 
torque on the steering wheel at a high vehicle 
speed, the wheels of the vehicle could turn too 
sharply, possibly upsetting the stability of the ve- 
hicle. 

Therefore, in a motorized power steering ap- 
paratus, the electric motor is controlled so that the 
torque which it outputs in response to a given 
steering torque is lower at high vehicle speeds than 
at low vehicle speeds. In many conventional power 
steering apparatuses, the motor is controlled by a 
microcomputer equipped with an internal memory 
in which Is stored a table of data relating the motor 
output to the steering torque for all vehicle speeds. 
When the microcomputer receives signals indicat- 
ing the vehicle speed and the steering torque ap- 
plied by the driver, based on the data in the 
memory, it calculates the appropriate amount of 
torque to be generated by the motor and controls 
the motor current accordingly. 

In order to perform fine, continuous control of 
the electric motor over the entire speed range of 
the vehicle, a large amount of data is necessary. 
The internal memory of the microcomputer must 
have a large capacity to accommodate all the data, 
and it therefore tends to be expensive. Taking 



everything into consideration, conventional motor- 
ized power steering apparatuses which employ a 
microcomputer are complicated, unreliable, and 
costly. 

5 US-A-4660671 discloses a power steering ap- 

paratus, in which the motor current is limited to a 
current limit, which decreases as the vehicle speed 
increases. This is achieved, by the use of a look-up 
table for comparing the output of a vehicle speed 

ro sensor and regulating the power assist following 
this comparison, whereby the motor current is limit- 
ed. The output derived from the speed sensor is, 
thus, used to modulate the motor power supply 
signals. This requires the use of a microcomputer, 

15 with the disadvantages already enumerated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
20 vide a motorized power steering apparatus which 
can perform fine control of the auxiliary steering 
force which it generates without employing a 
microcomputer. 

It is another object of the present invention to 
25 provide motorized power steering apparatus which 
is reliable, simple in structure, and inexpensive. 

Motorized power steering apparatus is pro- 
vided, having the features set out in claim 1, claim 
2, or claim 3. 

30 The invention provides simple and robust 
means for limiting the motor current to a current 
limited which decreases as the engine speed in- 
creases. 

By decreasing the maximum current which can 

35 flow through the motor as the engine speed or the 
vehicle speed increases, the motor can be pre- 
vented from exerting too great an auxiliary steering 
force at high vehicle speeds. 

In a preferred embodiment, the engine or ve- 

40 hide speed sensor generates a speed signal hav- 
ing a frequency proportional to the engine speed or 
the vehicle speed, and the reference voltage gener- 
ator is a frequency-voltage converter which gen- 
erates an output voltage which decreases as the 

45 frequency of the speed signal increases. 

The motor controller is not limited to any par- 
ticular type, but in a preferred embodiment, it is a 
self-excited pulse width modulation circuit with 
feedback from the motor. It generates output 

50 pulses having a pulse width which is modulated by 
the output voltage of the torque sensor. 

The torque sensor preferably includes a right , 
turn potentiometer which generates an output volt- 
age proportional to the steering torque only when 

55 the steering torque is such as to steer the vehicle 
to the right and separate left turn potentiometer 
which generates an output voltage corresponding 
to the steering torque only when the steering 
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torque is such as to steer the vehicle to the left. 
The motor controller is responsive to the output of 
only one of the potentiometers at a single time. 
The motor controller preferably includes a logic 
circuit which prevents the motor from operating 
when both of the potentiometers simultaneously 
generate an output voltage of above a prescribed 
level. 

In a preferred embodiment, the potentiometers 
of the torque sensor generate an output voltage 
which is proportional to both the steering torque 
and a supply voltage. A voltage supply provides 
the torque sensor with a positive supply voltage 
which decreases as the speed of the vehicle in- 
creases. As a result, the output voltage of the 
torque sensor for a given steering torque de- 
creases as the vehicle speed increases, causing a 
decrease in the motor torque. There are no restric- 
tions on the structure of the voltage supply. In a 
preferred embodiment, it comprises a vehicle 
speed sensor which generates a speed signal hav- 
ing a frequency proportional to the vehicle speed 
and a frequency-voltage converter which generates 
an output voltage which decreases as the frequen- 
cy of the speed signal increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of an embodiment 
of a motorized power steering apparatus accord- 
ing to the present invention. 
Figure 2 is a circuit diagram of the control unit 
of the embodiment of Figure 1 . 
Figure 3 is a graph showing the output of the 
torque sensor as a function of the steering 
torque applied to the steering wheel by the 
driver of the vehicle. 

Figure 4 is a graph of the output of the first 
frequency-voltage converter as a function of the 
speed of the vehicle. 

Figure 5 is a graph of the output of the second 
frequency-voltage converter as a function of the 
engine rotational speed. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A preferred embodiment of a motorized power 
steering apparatus according to the present inven- 
tion will now be described while referring to the 
accompanying drawings. As shown in Figure 1, 
which is a block diagram of this embodiment, a 
steering wheel 1 of an automotive vehicle is moun- 
ted on the upper end of a first steering shaft 3. The 
lower end of the first steering shaft 3 is connected 
to the upper end of a second steering shaft 4 by a 
torque sensor 2. The torque sensor 2 includes a 
torque-displacement converter 2a which produces 



a displacement which is proportional to the steering 
torque applied to the steering wheel 1 by the driver 
of the vehicle. Any conventional torque-displace- 
ment converter can be employed, such as the 

5 torque-displacement converter disclosed in U.S. 
Patent No. 4,666,010 in which a torsion bar which 
connects two steering shafts undergoes angular 
displacement due to twisting which is proportional 
to the steering torque applied to a steering wheel. 

w The torque sensor 2 also includes a right turn 
potentiometer 2b and a left turn potentiometer 2c. 
Each potentiometer has a wiper arm which is 
moved along a resistive element by the displace- 
ment of the torque-displacement converter 2a. The 

15 voltage at the wiper arm of each potentiometer 
constitutes an output voltage of the torque sensor 2 
and is provided to a control unit 1 2 as an indication 
of the steering torque to the right or to the left, 
respectively. 

20 The lower end of the second steering shaft 4 is 
connected to the upper end of a third steering shaft 
6 by a first universal joint 5, and the lower end of 
the third steering shaft 6 is connected to the upper 
end of a drive shaft 8 by a second universal joint 7. 

25 A pinion gear 8a is formed on the lower end of the 
drive shaft 8. The pinion gear 8a meshes with a 
rack 9 of the steering gear of the vehicle. 

An auxiliary torque can be applied to the drive 
shaft 8 by an electric motor 10 such as a shunt- 

30 wound or permanent magnet DC motor. The motor 
10 is connected to the drive shaft 8 by a reduction 
gear 1 1 which reduces the rotational speed of the 
motor 10. The operation of the motor 10 is con- 
trolled by the control unit 12, which provides the 

35 motor 10 with a pulse width modulated drive signal. 

The control unit 12 is powered by the vehicle 
battery 13, which typically is a 12-volt battery. 
Portions of the control unit 12 are connected di- 
rectly to the battery 13, while other portions are 

40 connected to the battery 13 via a key switch 14. A 
vehicle speed sensor 1 5 generates an output signal 
having a frequency which is proportional to the 
vehicle speed. This output signal is supplied to the 
control unit 1 2. 

45 Figure 2 is a circuit diagram of the control unit 

12 of Figure 1, which constitutes a self-excited 
pulse width modulation circuit with feedback from 
the motor 10. A first comparator 19 has a positive 
input terminal which is connected to the wiper arm 

so of the right turn potentiometer 2b and a negative 
input terminal which is connected to the junction of 
two series resistors 17 and 18. A second compara- 
tor 20 has a positive input terminal which is con- 
nected to the wiper arm of the right turn potentiom- 

55 eter 2b and a negative input terminal which is 
connected to ground through a resistor 40. A third 
comparator 23 has a positive input terminal which 
is connected to the wiper arm of the left turn 
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potentiometer 2c and a negative input terminal 
which is connected to the junction of two series 
resistors 21 and 22. A fourth comparator 24 has a 
positive input terminal which is connected to the 
wiper arm of the left turn potentiometer 2c and a 
negative input terminal which is grounded through 
a resistor 43. 

Resistors 17 and 18 are connected in series 
between the output terminal of a first frequency- 
voltage converter 45 and ground. Resistors 21 and 
22 are likewise connected in series between the 
output terminal of the first frequency-voltage con- 
verter 45 and ground. A terminal at one end of the 
resistive element of each potentiometer 2b and 2c 
is connected to the output terminal of the first 
frequency-voltage converter 45, while the terminal 
at the other end of the resistive element is ground- 
ed. 

The output terminals of the first comparator 19 
and the third comparator 23 are connected to the 
output terminal of a 5-volt voltage regulator 50 by 
pull-up resistors 35 and 37, respectively. The out- 
put terminals of the second comparator 20 and the 
fourth comparator 24 are connected to the output 
terminal of a 26-volt power supply 49 by pull-up 
resistors 36 and 38, respectively. 

The output terminal of the first comparator 19 
is also connected to the input terminal of a first 
inverter 25 and to one of the input terminals of a 
first AND gate 27. The output terminal of the third 
comparator 23 is connected to the input terminal of 
a second inverter 26 and to one of the input 
terminals of a second AND gate 28. The output 
terminal of the first inverter 25 is connected to the 
other input terminal of the second AND gate 28, 
and the output terminal of the second inverter 26 is 
connected to the other input terminal of the first 
AND gate 27. 

The electric motor 1 0 is driven by first through 
fourth power MOSFET s 30, 31, 33, and 34. The 
gate of the first MOSFET 30 is connected to the 
output terminal of the second comparator 20, its 
drain is connected to the battery 13, and its source 
is connected to a first terminal 10a of the electric 
motor 10 via a motor current sensor 47. The gate 
of the second MOSFET 31 is connected to the 
output terminal of the first AND gate 27, its drain is 
connected to a second terminal 10b of the motor 
10 via a motor current sensor 48, and its source is 
grounded. The gate of the third MOSFET 33 is 
connected to the output terminal of the fourth com- 
parator 24, its drain is connected to the battery 13, 
and its source is connected to the second terminal 
10b of the electric motor 10 via motor current 
sensor 48. The gate of the fourth MOSFET 34 is 
connected to the output terminal of the second 
AND gate 28, its drain is connected to the first 
terminal 10a of the electric motor 10 via motor 



current sensor 47, and its source is grounded. 

The first terminal 10a of the motor 10 receives 
a positive input voltage when the motor 10 is being 
driven so as to steer the wheels of the vehicle for a 

5 right turn, and the second terminal 10b receives a 
positive input voltage during a left turn. 

A resistor 39 is connected between the first 
terminal 10a of the motor 10 and resistor 40, and a 
capacitor 41 is connected from the junction of 

w resistors 39 and 40 to ground. Similarly, a resistor 

42 is connected between the second terminal 10b 
of the motor 10 and resistor 43, and a capacitor 44 
is connected from the junction of resistors 42 and 

43 to ground. Capacitors 41 and 43 determine the 
75 frequency of self-excited oscillation of the control 

unit 12. Via resistors 39 and 42, the second and 
fourth comparators 20 and 24 receives feedback 
signals from the motor 10. 

The power supply 49 and the voltage regulator 

20 50 are connected to the battery 13 by the key 
switch 14. The above-mentioned first frequency- 
voltage converter 45 receives the vehicle speed 
signal which is output by the vehicle speed sensor 
15 and generates an output voltage which is in- 

25 versely proportional to the frequency of the vehicle 
speed signal. The output voltage of the first fre- 
quency-voltage converter 45 is provided to the 
potentiometers 2b and 2c and resistors 17 and 21 
as a positive supply voltage. 

30 An engine rotational speed sensor 16 gen- 
erates an output signal in the form of an engine 
speed signal having a frequency proportional to the 
engine rotational speed. The engine speed signal is 
provided to a second frequency-voltage converter 

35 46, which generates an output voltage which is 
inversely proportional to the frequency of the out- 
put signal. The output voltage of the second fre- 
quency-voltage converter 46 is used as a reference 
voltage indicating a motor current limit correspond- 

40 ing to the present engine rotational speed. The 
second frequency-voltage converter 45 therefore 
constitutes a reference voltage generator. The ref- 
erence voltage is applied to the positive input ter- 
minals of a fifth comparator 29 and a sixth com- 

45 parator 32. The negative input terminals of com- 
parators 29 and 32 are respectively connected to 
the output terminals of motor current sensors 47 
and 48. Motor current sensor 47 generates a volt- 
age which is proportional to the current flowing 

so through the motor 10 when the vehicle is being 
steered to the right, and motor current sensor 48 
generates a voltage which is proportional to the 
current flowing through the motor 10 when the 
vehicle is being steered to the left. The output 

55 terminal of the fifth comparator 29 is connected to 
the output terminal of the second comparator 20 
and to the gate of the first MOSFET 30, The output 
terminal of the sixth comparator 32 is connected to 
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the output terminal of the fourth comparator 24 and 
the gate of the third MOSFET 33. The first and 
third MOSFET s 30 and 33, the current sensors 47 
and 48, and the fifth and sixth comparators 29 and 
32 together constitute a current limiting circuit 60. 

Figure 3 illustrates the output characteristics of 
the torque sensor 2 as a function of the steering 
torque applied to the steering wheel 1 by the 
driver. When no steering torque is applied to the 
steering wheel 1 , the output of both potentiometers 
2b and 2c is zero volts. When a rightward torque is 
applied to the steering wheel 1, the output of the 
right turn potentiometer 2b increases linearly with 
increasing torque until the steering torque reaches 
a value of approximately 0.8 kgf-m, at which the 
output voltage saturates at a voltage V SR . When the 
right turn potentiometer 2b has a non-zero output, 
the output of the left turn potentiometer 2c remains 
at zero volts. Conversely, when a leftward steering 
torque is applied to the steering wheel 1 , the output 
of the right turn potentiometer 2b is zero volts, 
while the output of the left turn potentiometer 2c 
increases linearly with increasing steering torque 
until the steering torque reaches approximately 0.8 
kgf-m, upon which the output saturates at a voltage 
V SL . As will be explained below, the levels of V SR 
and V S l depend upon the vehicle speed. 

Figure 4 is a graph illustrating the output char- 
acteristics of the first frequency-voltage converter 
45 as a function of the vehicle speed. At a low 
vehicle speed of up to approximately 5 km/hr (point 
f in Figure 4), the first frequency-voltage converter 
45 generates a constant voltage of approximately 5 
volts. At a vehicle speed of greater than approxi- 
mately 20 km/hr (point g), the first frequency-volt- 
age converter 45 generates a constant voltage of 
approximately 2.5 volts. At a vehicle speed be- 
tween approximateiy 5 and 20 km/hr, the output 
voltage of the first frequency-voltage converter 45 
linearly decreases as the vehicle speed increases. 

The output voltage of the first frequency-volt- 
age converter 45 is supplied to the potentiometers 
2b and 2c as a positive supply voltage. Since the 
output voltage of the first frequency-voltage con- 
verter 45 varies in accordance with vehicle speed, 
the output characteristics of the torque sensor 2 
are also dependent on the vehicle speed. As 
shown in Figure 3, when the vehicle speed is 
below that corresponding to point f of Figure 4 
(approximately 5 km/hr), the output characteristics 
of the potentiometers 2b and 2c are as shown by 
curves a and a', respectively, which have a steep 
slope and a high saturation voltage V SR(L) and V S l(d 
of approximately 5 volts. When the vehicle speed 
is above that corresponding to point g of Figure 4 
(approximately 20 km/hour), the output characteris- 
tics of the potentiometers 2b and 2c are shown by 
curves b and b', respectively, which have a more 



gradual slope and a lower saturation voltage V SR(H ) 
and V S l(H) of approximately 2.5 volts. When the 
vehicle speed is between 5 and 20 km/hour, the 
output characteristics of the potentiometers 2b and 

5 2c are described by curves lying somewhere be- 
tween curves a and b or a' and b\ For example, 
when the vehicle speed is that corresponding to 
point h of Figure 4 (approximately 12.5 km/hour) 
midway between points f and g, the output char- 

w acteristics of the potentiometers 2b and 2c are as 
shown by curves c and c', respectively, lying mid- 
way between curves a and b (or a' and b'). 

Figure 5 shows the output characteristics of the 
second frequency-voltage converter 46, which are 

/5 similar to those of the first frequency-voltage con- 
verter 45. When the engine rotational speed is less 
than about 1500 rpm, the output voltage of the 
second frequency-voltage converter 46 is a con- 
stant value of approximately 5 volts. When the 

20 engine rotational speed is greater than about 3000 
rpm, the output voltage is a constant value of 
approximately 2.5 volts. Between 1500 rpm and 
3000 rpm, the output voltage linearly decreases as 
the engine rotational speed increases. 

25 When the unillustrated engine of the vehicle is 

started and the key switch 14 is closed, 12 volts 
are supplied by the battery 13 to the power supply 
49 and the voltage regulator 50, and the control 
unit 12 begins to operate. It will be assumed that 

30 the vehicle is initially stationary, so the vehicle 
speed sensor 15 generates a signal corresponding 
to a speed of 0 km/hour. As shown in Figure 4, the 
first frequency-voltage converter 45 therefore gen- 
erates a maximum output voltage of approximately 

35 5 volts. This output voltage is supplied to the 
potentiometers 2b and 2c and to resistors 17 and 
21 as a positive supply voltage. If the driver then 
applies a steering torque to the steering wheel 1, 
the torque sensor 2 generates an output voltage 

40 corresponding to the magnitude and direction of 
the steering torque as shown in Figure 3. 

When the driver applies a steering torque to 
the steering wheel 1 to turn the wheels of the 
vehicle to the right, the voltage of the wiper arm of 

45 the right turn potentiometer 2b is input to the 
positive input terminals of the first and second 
comparators 19 and 20. If the output voltage of the 
right turn potentiometer 2b exceeds the voltage V N 
at the junction of resistors 17 and 18, the output of 

50 the first comparator 19 goes high. As no voltage 
has yet been applied to the motor 10, the voltage 
at the junction of resistors 39 and 40 is low, and 
the output of the second comparator 20 goes high. 
The output voltage of the left turn potentiometer 2c 

55 is 0 volts, so the outputs of the third and fourth 
comparators 23 and 24 are low. Therefore, the 
output of the first inverter 25 is low and the output 
of the second inverter 26 is high, so the output of 
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the first AND gate 27 is high, the output of the 
second AND gate 28 is low, and the first and 
second MOSFETs 30 and 31 are turned on. There- 
fore, a voltage from the battery 13 is applied to the 
motor 10 through the first MOSFET 30, and the 
motor 10 begins to conduct. The positive input 
voltage for the motor 10, i.e., the voltage at termi- 
nal 10a, is also applied across resistors 39 and 40. 
Therefore, the voltage at the junction of resistors 
39 and 40 rises exponentially with a time constant 
determined by capacitor 41. When the voltage at 
the junction of resistors 39 and 40 exceeds the 
voltage at the positive input terminal of the second 
comparator 20, which is the output voltage of the 
right turn potentiometer 2b, the output of the first 
comparator 19 remains high but the output of the 
second comparator 20 goes low, so the first MOS- 
FET 30 is turned off, and the supply of current to 
the motor 10 is interrupted. When this interruption 
takes place, the voltage at the junction of resistors 
39 and 40 falls exponentially with a time constant 
determined by capacitor 41. When the voltage at 
the junction of resistors 39 and 40 falls below the 
voltage at the positive input terminal of the second 
comparator 20, the output of the second compara- 
tor 20 again goes high, and the first MOSFET 30 is 
again turned on to drive the motor 10. In this 
manner, the second comparator 20 is repeatedly 
turned on and off, and a series of pulses are 
supplied to the motor 10 as a supply voltage. A 
current which is determined by the supply voltage 
and the counter electromotive force corresponding 
to the rotational speed of the motor 10 flows 
through the motor 10. The motor 10 generates an 
auxiliary torque to turn the wheels of the vehicle to 
the right, and the steering torque which need be 
exerted by the driver of the vehicle is reduced. The 
width of the pulses which are supplied to the motor 
10 Is dependent on the output voltage of the poten- 
tiometer 2b. The greater the output voltage of the 
potentiometer 2b, the longer is the pulse width. 

When the driver exerts a steering torque to 
turn the vehicle to the left, the third and fourth 
comparators 23 and 24 are controlled in a manner 
similar to that described above with respect to the 
first and second comparators 19 and 20, and a 
voltage is supplied to the motor 10 to steer the 
wheels of the vehicle to the left. 

As shown in Figure 3, the output voltage of the 
potentiometers 2b and 2c corresponding to a given 
steering torque decreases as the vehicle speed 
increases. Since the torque generated by the motor 
10 decreases as the output voltage of the poten- 
tiometers 2b and 2c decreases, it follows that the 
auxiliary torque generated by the motor 10 in re- 
sponse to a prescribed steering torque decreases 
as the vehicle speed increases. This decrease in 
auxiliary torque compensates for the decrease in 



the resistance to steering as the vehicle speed 
increases. Therefore, the feel of the steering wheel 
remains comfortable without becoming too light at 
high vehicle speeds, and the safety of the vehicle 

5 is maintained. 

When the motor 10 conducts, the current sen- 
sors 47 and 48 each generate a voltage which is 
proportional to the current flowing through the mo- 
tor 10. The output voltages of the current sensors 

w 47 and 48 are compared with the reference voltage 
which is output from the second frequency-voltage 
converter 46 by the fifth comparator 29 and the 
sixth comparator 32, respectively. When the motor 
10 is exerting an auxiliary torque for a right turn 

15 and the motor current exceeds a prescribed current 
limit, the output voltage of current sensor 47 will 
exceed the reference voltage from the second fre- 
quency-voltage converter 46, and the output of the 
fifth comparator 29 will go low. As a result, the first 

20 MOSFET 30 will be turned off, and the supply of 
current to the motor 10 will be stopped. The cur- 
rent flowing through the motor 10 will decrease 
exponentially with a time constant determined by 
the inductance and internal resistance of the motor 

25 10. When the current falls below the prescribed 
current limit, the output voltage of current sensor 
47 will fall below the reference voltage from the 
second frequency-voltage converter 46, so the out- 
put of the fifth comparator 29 will again go high. 

30 The first MOSFET 30 will again be turned on, and 
the motor current will again increase. By a repeti- 
tion of the above operations, the current flowing 
through the motor 10 is controlled to the prescribed 
current limit. 

35 When the motor 10 is exerting an auxiliary 

torque for a left turn, the motor current is controlled 
by current sensor 48, the sixth comparator 32, and 
the third MOSFET 33 in a manner similar to that 
described for a right turn. 

40 As shown in Figure 5, the output voltage of the 
second frequency-voltage converter 46 decreases 
as the engine rotational speed increases. As the 
current limit for the motor 10 is determined by this 
output voltage, it follows that the limit current de- 

45 creases as the engine rotational speed decreases. 
At a low engine rotational speed, such as when the 
engine is idling, the current limit is set at a high 
level, and the motor 10 can exert a large auxiliary 
torque. At high vehicle speeds, when the engine 

so rotational speed is high, the current limit is reduced 
to a low level, so the maximum auxiliary torque 
which the motor 10 can generate is reduced. 
Therefore, even if the driver of the vehicle exerts a 
sudden steering torque on the steering wheel 1 at 

55 a high vehicle speed, the auxiliary torque which is 
generated by the motor 10 is limited so as not to 
cause the wheels of the vehicle to turn too sharply, 
and the stability of the vehicle can be maintained. 
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The AND gates 27 and 28 prevent the motor 
10 from operating unless the output of either the 
first comparator 19 or the third comparator 23 is 
high. This state occurs when the output voltage of 
the right turn potentiometer 2b exceeds the voltage s 
V N at the junction of resistors 17 and 18, or when 
the output voltage of the left turn potentiometer 2c 
exceeds the voltage V N at the junction of resistors 
21 and 22. If the driver exerts only a very low 
torque of less than T1 on the steering wheel 1 , the w 
outputs of the potentiometers 2b and 2c will not 
exceed V N , so the motor 10 will not be turned on. 
Accordingly, there is a dead band of steering 
torque on either side of a neutral torque in which 
power steering is not performed. The magnitude of J5 
the dead band, i.e., the magnitude of T1, depends 
on the value of V N and on the output characteristics 
of the potentiometers 2b and 2c. In the present 
embodiment, V N is a function of the output voltage 
of the first frequency-voltage converter 45, and so 20 
V N varies with the vehicle speed. As shown in 
Figure 3, at a low vehicle speed below that cor- 
responding to point f of Figure 4, V N has a maxi- 
mum value of V N(L) , and at a vehicle speed above 
that corresponding to point g of Figure 4, it has a 25 
minimum value of V N(H ). When the vehicle speed is 
somewhere between that corresponding to points f 
and g, V N has a level somewhere between V N(L ) 
and V N( H). Thus, V N decreases as the vehicle speed 
increases. However, as V N decreases, the slopes of 30 
the curves defining the output characteristics of the 
potentiometers also decrease, so T1 and the mag- 
nitude of the dead band remain constant at all 
vehicle speeds. 

Normally, only one of the potentiometers gen- 35 
erates an output voltage at a time. If the potentiom- 
eters should malfunction (due, for example, to 
noise generated by the torque sensor 3 itself, bad 
contacts, broken wires, or short circuits) and both 
generate an output voltage of greater than V N at 40 
the same time, the outputs of both AND gates 27 
and 28 will go low and prevent MOSFET S 31 and 
34 from conducting. Therefore, the motor 10 will 
not be able to operate, and there will be no pos- 
sibility of the motor 10 exerting an auxiliary torque 45 
in a direction opposite to the direction in which the 
driver wishes to steer the vehicle. Although the 
steering will feel heavy when the motor 7 does not 
operate, as the steering wheel 1 is mechanically 
linked to the rack 9, the driver will still be able to 50 
safely steer the vehicle. 

In the embodiment illustrated in Figure 2, the 
motor current is limited on the basis of the engine 
rotational speed, and the output of the second 
frequency-voltage converter 46 is used as a refer- 55 
ence voltage indicating the current limit. However, 
it is instead possible to limit the motor current on 
the basis of the vehicle speed and to employ the 



output of the first frequency-voltage converter 45 
as a reference voltage indicating the current limit. 
In this case, the second frequency-voltage con- 
verter 46 could be omitted, and the output voltage 
of the first frequency-voltage converter 45 could be 
supplied to the positive input terminals of the fifth 
and sixth comparators 29 and 32. 

Claims 

1. A motorized power steering apparatus for a 
vehicle comprising: 

torque sensing means (2) for generating 
an output signal dependent on a steering 
torque exerted by a driver of the vehicle; 

a motor (10) for generating an auxiliary 
steering force; 

a motor control means (12) for controlling 
the output torque of the motor in accordance 
with the output voltage of the torque sensing 
means; 

and current limiting means (60) for limiting 
the motor current to a current limit which de- 
creases as the rotational speed of the engine 
increases; characterised in that 

the current limiting means comprises: 

an engine speed sensor (16) for generat- 
ing a signal indicative of the rotational speed of 
the engine; 

reference voltage generating means (46) 
responsive to said signal for generating a refer- 
ence voltage indicative of a current limit cor- 
responding to the speed detected by the 
speed sensor; 

current sensing means (47,48) for generat- 
ing an output voltage proportional to the motor 
current; 

detecting means (29,32) for detecting that 
the motor current exceeds the current limit by 
comparing the reference voltage and the out- 
put voltage of the current sensing means; and 

means (30,33) for preventing current from 
being supplied to the motor when the detecting 
means detects that the motor current exceeds 
the current limit. 

2. A motorized power steering apparatus for a 
vehicle comprising: 

torque sensing means (2) for generating 
an output signal dependent on a steering 
torque exerted by a driver of the vehicle; 

a motor (10) for generating an auxiliary 
steering force; 

a motor control means (12) for controlling 
the output torque of the motor in accordance 
with the output voltage of the torque sensing 
means; 

and current limiting means (60) for limiting 
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the motor current to a current limit which de- 
creases as the vehicle speed increases; 
characterised in that 

the current limiting means comprises: 

a vehicle speed sensor (15) for generating s 
a signal indicative of the speed of the vehicle; 

reference voltage generating means (45) 
responsive to said signal for generating a refer- 
ence voltage indicative of a current limit cor- 
responding to the speed detected by the io 
speed sensor; 

current sensing means (47.,48) for gen- 
erating an output voltage proportional to the 
motor current; 

detecting means (29,32) for detecting that 15 
the motor current exceeds the current limit by 
comparing the reference voltage and the out- 
put voltage of the current sensing means; and 

means (30,33) for preventing current from 
being supplied to the motor when the detecting 20 
means detects that the motor current exceeds 
the current limit. 

A motorized power steering apparatus for a 
vehicle comprising: 25 

torque sensing means (2) for generating 
an output signal dependent on a steering 
torque exerted by a driver of the vehicle; 

a motor (10) for generating an auxiliary 
steering force; 

a motor control means (12) for controlling 
the output torque of the motor in accordance 
with the output voltage of the torque sensing 
means; 

and current limiting means (60) for limiting 
the motor current to a current limit which de- 
creases as the rotational speed of the engine 
increases and as the vehicle speed increases; 
characterised in that 

the current limiting means comprises: 40 

a speed sensor (16) for generating a signal 
indicative of the rotational speed of the engine 
and a speed sensor (1 5) for generating a sig- 
nal indicative of the speed of the vehicle; 

reference voltage generating means 45 
(45,46) responsive to said signals for generat- 
ing reference voltages indicative of current lim- 
its corresponding to the speeds detected by 
the speed sensors; 

current sensing means (47,48) for generat- so 
ing an output voltage proportional to the motor 
current; 

detecting means (29,32) for detecting that 
the motor current exceeds the current limit by 
comparing the reference voltage and the out- 55 
put voltage of the current sensing means; and 

means (30,33) for preventing current from 
being supplied to the motor when the detecting 



means detects that the motor current exceeds 
the current limit. 

4. A power steering apparatus as claimed in 
claim 1 or 3, wherein: 

the engine speed sensor (16) comprises 
means for generating an engine speed signal 
having a frequency proportional to the engine 
rotational speed; and 

the reference voltage generating means 
comprises a frequency-voltage converter (46) 
which generates a reference voltage which de- 
creases as the frequency of the engine speed 
signal increases. 

5. A power steering apparatus as claimed in 
claim 2 or 3, wherein: 

the vehicle speed sensor (15) comprises 
means for generating a vehicle speed signal 
having a frequency proportional to the vehicle 
speed; and 

the reference voltage generating means 
comprises a frequency-voltage converter (45) 
which generates a reference voltage which de- 
creases as the frequency of the vehicle speed 
signal increases. 



7. A power steering apparatus as claimed in any 
preceding claim, wherein the motor control 
means comprises a self-excited pulse width 
modulation circuit with feedback from the mo- 
tor (10) for supplying the motor with drive 
pulses having a pulse width which is modu- 
lated by the output voltage of the torque sens- 
ing means (2). 

8. A power steering apparatus as claimed in 
claim 7, wherein the pulse width modulation 
circuit comprises: 

a bridge circuit consisting of a plurality of 
switching elements (30,31,33,34), the motor 
(10) being connected across the bridge circuit; 

a capacitor (41,44) and a resistor (40,43) 
connected in parallel between the motor and 
ground; and 

a comparator (20,24) having a first input 
terminal to which the output voltage of the 
torque sensing means is applied and a second 
input terminal connected to the junction of the 



6. A power steering apparatus as claimed in 
claim 4 or 5, wherein: 
30 the torque sensing means (2) comprises 

means for generating an output signal which is 
proportional to a supply voltage and the steer- 
ing torque; and 

the reference voltage is supplied to the 
35 torque sensing means as the supply voltage. 
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resistor and capacitor, the output voltage of the 
comparator being supplied to a gate of one of 
the switching elements (30,33) of the bridge 
circuit. 

PatentansprUche 

1. Motorbetriebene Servolenkvorrichtung fGr ein 
Fahrzeug, umfassend: 

- eine Drehmomenterfassungseinrichtung 
(2) zur Erzeugung eines Ausgangssignals 
in Abhangigkeit von einem von einem 
Fahrer des Fahrzeugs ausgeUbten Lenk- 
drehmoment; 

- einen Motor (10) zur Erzeugung einer 
Hilfs-Lenkkraft; 

- eine Motorsteuerung (12) zur Steuerung 
des von dem Motor abgegebenen Dreh- 
moments in AbhSngigkeit von der Aus- 
gangsspannung der Drehmomenterfas- 
sungseinrichtung; und 

- eine Strombegrenzungseinrichtung (60) 
zur Begrenzung des Motorstroms auf ei- 
nen Stromgrenzwert, der mit zunehmen- 
der Drehzahl des Fahrzeug motors ab- 
nimmt; 

dadurch gekennzeichnet, 

daB die Strombegrenzungseinrichtung folgen- 

des aufweist: 

- einen Fahrzeugmotordrehzahlsensor (16) 
zur Erzeugung eines die Drehzahl des 
Fahrzeugmotors reprasentierenden Si- 
gnals; 

- eine Bezugsspannungserzeugungsein- 
richtung (46), die in Abhangigkeit von 
diesem Signal eine Bezugsspannung er- 
zeugt, die einen Stromgrenzwert reprS- 
sentiert, der der von dem Drehzahlsensor 
erfaBten Drehzahl entspricht; 

- eine StrommeBeinrichtung (47, 48) zur 
Erzeugung einer Ausgangsspannung, die 
proportional zum Motorstrom ist; 

- eine Detektoreinrichtung (29, 32) zur Er- 
mittlung, ob der Motorstrom den Strom- 
grenzwert Uberschreitet, durch Verglei- 
chen der Bezugsspannung mit der Aus- 
gangsspannung der StrommeBeinrich- 
tung; und 

- eine Einrichtung (30, 33), die verhindert, 
daB Strom an den Motor geliefert wird, 
wenn die Detektoreinrichtung einen Zu- 
stand erfaflt, in dem der Motorstrom den 
Stromgrenzwert Uberschreitet. 

2. Motorbetriebene Servolenkvorrichtung fur ein 
Fahrzeug, umfassend: 

- eine Drehmomenterfassungseinrichtung 
(2) zur Erzeugung eines Ausgangssignals 



in Abhangigkeit von einem von einem 
Fahrer des Fahrzeugs ausgeUbten Lenk- 
drehmoment; 

- einen Motor (10) zur Erzeugung einer 
5 Hilfs-Lenkkraft; 

- eine Motorsteuerung (12) zur Steuerung 
des von dem Motor abgegebenen Dreh- 
moments in Abhangigkeit von der Aus- 
gangsspannung der Drehmomenterfas- 

10 sungseinrichtung; und 

- eine Strombegrenzungseinrichtung (60) 
zur Begrenzung des Motorstroms auf ei- 
nen Stromgrenzwert, der mit zunehmen- 
der Fahrzeuggeschwindigkeit abnimmt; 

is dadurch gekennzeichnet, 

daB die Strombegrenzungseinrichtung folgen- 
des aufweist: 

- einen Fahrzeuggeschwindigkeitssensor 
(15) zur Erzeugung eines die Fahrzeug- 

20 geschwindigkeit repr§sentierenden Si- 

gnals; 

- eine Bezugsspannungserzeugungsein- 
richtung (45), die in Abhangigkeit von 
diesem Signal eine Bezugsspannung er- 

25 zeugt, die einen Stromgrenzwert repra- 

sentiert, der der von dem Geschwindig- 
keitssensor gemessenen Geschwindig- 
keit entspricht; 

- eine StrommeBeinrichtung (47, 48) zur 
30 Erzeugung einer Ausgangsspannung, die 

proportional zum Motorstrom ist; 

- eine Detektoreinrichtung (29, 32) zur Er- 
mittlung, ob der Motorstrom den Strom- 
grenzwert Uberschreitet, durch Verglei- 

35 chen der Bezugsspannung mit der Aus- 

gangsspannung der StrommeBeinrich- 
tung; und 

- eine Einrichtung (30, 33), die verhindert, 
daB Strom an den Motor geliefert wird, 

40 wenn die Detektoreinrichtung einen Zu- 

stand erfaBt, in dem der Motorstrom den 
Stromgrenzwert Uberschreitet. 

3, Motorbetriebene Servolenkvorrichtung fUr ein 
45 Fahrzeug, umfassend: 

- eine Drehmomenterfassungseinrichtung 
(2) zur Erzeugung eines Ausgangssignals 
in Abhangigkeit von einem von einem 
Fahrer des Fahrzeugs ausgeUbten Lenk- 

50 drehmoment; 

- einen Motor (10) zur Erzeugung einer 
Hilfs-Lenkkraft; 

- eine Motorsteuerung (12) zur Steuerung 
des von dem Motor abgegebenen Dreh- 

55 moments in Abhangigkeit von der Aus- 

gangsspannung der Drehmomenterfas- 
sungseinrichtung; und 
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- eine Strombegrenzungseinrichtung (60) 
zur Begrenzung des Motorstroms auf ei- 
nen Stromgrenzwert, der mit zunehmen- 
der Drehzahl des Fahrzeugmotors und 

mit zunehmender Fahrzeuggeschwindig- 5 

keit abnimmt; 
dadurch gekennzeichnet, 
daB die Strombegrenzungseinrichtung folgen- 
des aufweist: 

- einen Drehzahlsensor (16) zur Erzeugung 10 
eines die Drehzahl des Fahrzeugmotors 
reprasentierenden Signals und einen Ge- 
schwindigkeitssensor (15) zur Erzeugung 
eines die Fahrzeuggeschwindigkeit re- 
prasentierenden Signals; 15 

- eine Bezugsspannungserzeugungsein- 
richtung (45, 46), die in Abhangigkeit von 
diesen Signalen Bezugsspannungen er- 
zeugt, die die Stromgrenzwerte reprS- 
sentieren, die den von den Drehzahl- 20 
bzw. Geschwindigkeitssensoren erfaBten 
Drehzahlen bzw. Geschwindigkeiten ent- 
sprechen; 

- eine Strommefieinrichtung (47, 48) zur 
Erzeugung einer Ausgangsspannung, die 25 
proportional zum Motorstrom ist; 

- eine Detektoreinrichtung (29, 32) zur Er- 
mittlung, ob der Motorstrom den Strom- 
grenzwert Oberschreitet, durch Verglei- 
chen der Bezugsspannung mit der Aus- 30 
gangsspannung der StrommeBeinrich- 
tung; und 

- eine Einrichtung (30, 33), die verhindert, 
dafi Strom an den Motor geliefert wird, 
wenn die Detektoreinrichtung einen Zu- 35 
stand erfaBt, in dem der Motorstrom den 
Stromgrenzwert Oberschreitet. 

4. Motorbetriebene Servolenkvorrichtung gemaB 
Anspruch 1 Oder 3, wobei der Fahrzeugmotor- 40 
drezahlsensor (16) Mittel aufweist zur Erzeu- 
gung eines Fahrzeugmotordrehzahlsignals, 
dessen Frequenz proportional zur Drehzahl 

des Fahrzeugmotors ist; 

und wobei die Bezugsspannungserzeugungs- 45 
einrichtung einen Frequenz-Spannungs-Wand- 
ler (46) aufweist, der eine Bezugsspannung 
erzeugt, die mit zunehmender Frequenz des 
Fahrzeugmotordrehzahlsignals abnimmt. 

50 

5. Motorbetriebene Servolenkvorrichtung gemSB 
Anspruch 2 oder 3, wobei der Fahrzeugge- 
schwindigkeitssensor (15) Mittel aufweist zur 
Erzeugung eines Fahrzeuggeschwindigkeitssi- 
gnals, dessen Frequenz proportional zur Fahr- 55 
zeuggeschwindigkeit ist; 

und wobei die Bezugsspannungserzeugungs- 
einrichtung einen Frequenz-Spannungs-Wand- 



ler (45) aufweist, der eine Bezugsspannung 
erzeugt, die mit zunehmender Frequenz des 
Fahrzeuggeschwindigkeitssignals abnimmt. 

6. Motorbetriebene Servolenkvorrichtung gemaB 
Anspruch 4 oder 5, wobei die Drehmomenter- 
fassungseinrichtung (2) Mittel zur Erzeugung 
eines Ausgangssignais aufweist, das proportio- 
nal zu einer Versorgungsspannung und dem 
Lenkdrehmoment ist; 

und wobei die Bezugsspannung der Drehmo- 
menterfassungseinrichtung als Versorgungs- 
spannung zugefUhrt wird. 

7. Motorbetriebene Servolenkvorrichtung gemaB 
einem der vorhergehenden Anspruche, wobei 
die Motorsteuerung eine selbsterregte Puls- 
breitenmodulationsschaltung mit RGckkopplung 
von dem Motor (10) aufweist, urn dem Motor 
Steuerimpulse zuzufUhren, deren Pulsbreite 
durch die Ausgangsspannung der Drehmo- 
menterfassungseinrichtung (2) moduliert wird. 

8. Motorbetriebene Servolenkvorrichtung gemafi 
Anspruch 7, wobei die Pulsbreitenmodulations- 
schaltung folgendes aufweist: 

- eine BrOckenschaltung, bestehend aus 
einer Viehlzahl von Schaltelementen (30, 
31, 33, 34), wobei der Motor (10) parallel 
zu der BrOckenschaltung geschaltet ist; 

- einen Kondensator (41, 44) und einen 
Widerstand (40, 43), die zwischen dem 
Motor und Masse parallelgeschaltet sind; 
und 

- einen Komparator (20, 24) mit einem er- 
sten EingangsanschluB, dem die Aus- 
gangsspannung von der Drehmomenter- 
fassungseinrichtung zugefOhrt wird, und 
mit einem zweiten EingangsanschluB, der 
mit der Verbindung zwischen dem Wi- 
derstand und dem Kondensator verbun- 
den ist, wobei die Ausgangsspannung 
des Komparators einem GateanschluB 
von einem der Schaltelemente (30, 33) 
der BrOckenschaltung zugefUhrt wird. 

Revendications 

1. Appareil de direction assisted par moteur elec- 
trique pour un vShicule comprenant : 

un moyen de detection de couple (2) pour 
engendrer un signal de sortie dependant d'un 
couple de direction exerce par un conducteur 
du vehicule; 

un moteur electrique (10) pour engendrer 
une force de direction auxiliaire; 

un moyen de commande de moteur Elec- 
trique (12) pour commander le couple de sortie 
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du moteur Electrique conformEment a la ten- 
sion de sortie du moyen de detection de cou- 
ple; 

et un moyen de limitation de courant (60) 
pour limiter le courant de moteur Electrique a 5 
une limite de courant qui diminue lorsque la 
vitesse de rotation du moteur thermique aug- 
mente; caracterise en ce que le moyen de 
limitation de courant comprend : 

un capteur de vitesse de moteur thermi- w 
que (16) pour engendrer un signal indicatif de 
la vitesse de rotation du moteur thermique; 

un moyen de production de tension de 
reference (46) sensible audit signal pour pro- 
duce une tension de reference indicative d'une 75 
limite de courant correspondant a la vitesse 
detectee par le capteur de vitesse; 

un moyen de detection de courant (47, 48) 
pour engendrer une tension de sortie propor- 
tionnelle au courant du moteur Electrique; 20 

un moyen de detection (29, 32) pour de- 
tecter que le courant de moteur electrique 
dEpasse la limite de courant en comparant la 
tension de reference et la tension de sortie du 
moyen de detection de courant; et 25 

un moyen (30, 33) pour emp§cher le cou- 
rant d'etre delivre au moteur Electrique lorsque 
le moyen de detection dEtecte que le courant 
de moteur Electrique depasse la limite de cou- 
rant. 30 

Appareil de direction assistEe par moteur Elec- 
trique pour un vEhicule comprenant : 

un moyen de detection de couple (2) pour 
engendrer un signal de sortie dependant d'un 35 
couple de direction exercE par un conducteur 
du vEhicule; 

un moteur Electrique (10) pour engendrer 
une force de direction auxiliaire; 

un moyen de commande de moteur Elec- aq 
trique (12) pour commander le couple de sortie 
du moteur electrique conformEment a la ten- 
sion de sortie du moyen de dEtection de cou- 
ple; 

et un moyen de limitation de courant (60) 45 
pour limiter le courant de moteur Electrique a 
une limite de courant qui diminue lorsque la 
vitesse de vEhicule augmente; caractErise en 
ce que le moyen de limitation de courant com- 
prend : 50 

un capteur de vitesse de vEhicule (15) 
pour engendrer un signal indicatif de la vitesse 
du vEhicule; 

un moyen de production de tension de 
rEfErence (45) sensible audit signal pour pro- 55 
duire une tension de rEfErence indicative d'une 
limite de courant correspondant & la vitesse 
detectEe par le capteur de vitesse; 



un moyen de dEtection de courant (47, 48) 
pour engendrer une tension de sortie propor- 
tionnelle au courant du moteur Electrique; 

un moyen de dEtection (29, 32) pour dE- 
tecter que le courant de moteur Electrique 
dEpasse la limite de courant en comparant la 
tension de rEfErence et la tension de sortie du 
moyen de dEtection de courant; et 

un moyen (30, 33) pour empecher le cou- 
rant d'etre delivre au moteur Electrique lorsque 
le moyen de dEtection dEtecte que le courant 
de moteur Electrique depasse la limite de cou- 
rant. 

3. Appareil de direction assistEe par moteur Elec- 
trique pour un vEhicule comprenant : 

un moyen de dEtection de couple (2) pour 
engendrer un signal de sortie dEpendant d'un 
couple de direction exercE par un conducteur 
du vEhicule; 

un moteur electrique (10) pour engendrer 
une force de direction auxiliaire; 

un moyen de commande de moteur Elec- 
trique (12) pour commander le couple de sortie 
du moteur Electrique conformEment & la ten- 
sion de sortie du moyen de dEtection de cou- 
ple; 

et un moyen de limitation de courant (60) 
pour limiter le courant de moteur Electrique & 
une limite de courant qui diminue lorsque la 
vitesse de rotation du moteur thermique aug- 
mente et lorsque la vitesse de vEhicule aug- 
mente; caracterise en ce que le moyen de 
limitation de courant comprend : 

un capteur de vitesse (16) pour engendrer 
un signal indicatif de la vitesse de rotation du 
moteur thermique et un capteur de vitesse (15) 
pour engendrer un signal indicatif de la vitesse 
du vEhicule; 

des moyens de production de tension de 
rEfErence (45, 46) sensibles auxdits signaux 
pour produire des tensions de rEfErence indi- 
catives des limites de courant correspondant 
aux vitesses dEtectEes par ies capteurs de 
vitesse; 

un moyen de dEtection de courant (47, 48) 
pour engendrer une tension de sortie propor- 
tionnelle au courant du moteur Electrique; 

un moyen de detection (29, 32) pour dE- 
tecter que le courant de moteur Electrique 
dEpasse la limite de courant en comparant la 
tension de reference et la tension de sortie du 
moyen de dEtection de courant; et 

un moyen (30, 33) pour empecher le cou- 
rant d'etre dElivre au moteur Electrique lorsque 
le moyen de dEtection dEtecte que le courant 
de moteur Electrique qui dEpasse la limite de 
courant. 
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4. Appareil de direction assistEe selon la revendi- 
cation 1 ou 3, dans lequel : 

le capteur de vitesse de moteur thermique 
(16) comprend un moyen pour engendrer un 
signal de vitesse de moteur thermique ayant 5 
une frequence proportionnelle a la vitesse de 
rotation du moteur thermique; et 

le moyen de production de tension de 
reference comprend un convertisseur frequen- 
ce-tension (46) qui produit une tension de refe- jo 
rence qui diminue lorsque ia frequence du 
signal de vitesse de moteur thermique aug- 
mente. 



terminal d'entree auquel la tension de sortie du 
moyen de detection de couple est appliquee et 
un second terminal d'entree relie a la jonction 
de la resistance et du condensateur, la tension 
de sortie du comparateur etant dElivrEe a une 
porte de Tun des ElEments commutateurs (30, 
33) du circuit en pont. 



5. Appareil de direction assistee selon la revendi- 75 
cation 2 ou 3, dans lequel : 

le capteur de vitesse de vEhicule (15) 
comprend un moyen pour engendrer un signal 
de vitesse de vEhicule ayant une frequence 
proportionnelle a ia vitesse de vEhicule; et 20 

le moyen de production de tension de 
reference comprend un convertisseur frequen- 
ce-tension (45) qui produit une tension de refe- 
rence qui diminue lorsque la frequence du 
signal de vitesse de vEhicule augmente. 25 

6. Appareil de direction assistee selon la revendi- 
cation 4 ou 5, dans lequel : 

le moyen de detection de couple (2) com- 
prend un moyen pour engendrer un signal de 30 
sortie qui est proportionnel a une tension d'ali- 
mentation et au couple de direction; et 

la tension de reference est dElivrEe au 
moyen de detection de couple en tant que 
tension d'alimentation. 35 



7. Appareil de direction assistee selon Tune quel- 
conque des revendications prEcEdentes, dans 
lequel le moyen de commande de moteur 
Electrique comprend un circuit de modulation ao 
d'impulsions en largeur auto-excite avec re- 
troaction a partir du moteur Electrique (10) 
pour alimenter le moteur electrique avec des 
impulsions d'entraTnement ayant une largeur 
d'impulsion qui est module par la tension de 45 
sortie du moyen de detection de couple (2). 

8. Appareil de direction assistee selon la revendi- 
cation 7, dans lequel le circuit de modulation 
d'impulsions en largeur comprend : 50 

un circuit en pont constituE d'une plurality 
d'ElEments commutateurs (30, 31, 33, 34), le 
moteur Electrique (10) Etant relie a travers le 
circuit en pont; 

un condensateur (41 , 44) et une resistance 55 
(40, 43) relics en parallEle entre le moteur 
Electrique et la terre; et 

un comparateur (20, 24) ayant un premier 
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